The Government of India launched a nationwide programme to save and educate the girl child, Beti Bachao Beti Padhao (B3P), by stringent prohibition of sex-selective abortion, enforcement of Preconception and Prenatal Diagnostic Technique (PC-PNDT) and Medical Termination of Pregnancy (MTP) Acts, and social mobilization. We undertook this study to assess the effectiveness of intervention in Haryana state to improve sex ratio at birth (SRB). The monthly data on SRB (represented as girls per 1000 boys) were collected from civil registration system for the entire state of Haryana to evaluate the impact of B3P programme. The segmented time-series regression analysis was used to estimate the change in SRB after B3P programme. In this process, the seasonal auto regressive integrated moving average model was used to control the seasonality, autocorrelation and secular trend imbibed in the data before calculating the estimate of change in slope using regression equation. Overall, the sex ratio at birth in Haryana increased from 827 girls per 1000 boys in January 2005 to 900 girls per 1000 boys in September 2016. The estimates from segmented time-series regression analysis show that there was an insignificant change in SRB of -0.012 units before the intervention. Post slope was estimated to be 1.684, which suggested an increase in SRB of 1.696 [(confidence interval: 0.23, 3.15), P ¼ 0.025] in terms of the difference between pre-and post-slope. This indicates a statistically significant increase of SRB by 1.696 per month attributable to B3P programme. B3P programme has resulted in an improvement of SRB in Haryana.
Introduction
A skewed sex ratio at birth (SRB), which is favouring the boys, has been evident in India since its first census which took place in 1871 (Natarajan, 1972; Jha et al., 2011) . Since then, beginning with Amartya Sen's seminal paper, several authors have highlighted the story of missing girls in India which are lost through either sexselective abortions or biased girl child rearing practices which leads to higher 0-to 4-year child mortality rate among girls (Sen, 1992, the differences in levels of education, wealth, women empowerment or any other criteria. An important fact which emerges is that while falling sex ratio during early decades was explained much more by neglect of the girl child and its related mortality during early years, decline of sex ratio in recent years is contributed much more by decline of SRB itself (Subramanian and Selvaraj, 2009 ). This decline in SRB, in turn, has been contributed by sex-selective abortions, which are driven by rampant proliferation of medical technologies used for illegal detection of sex of the foetus. An interesting analysis shows an inverse correlation between SRB in different Indian states and density of prenatal diagnostic facilities (Subramanian and Corsi, 2011) . The estimated value for the sex determination market in India has been reported to be in excess of US$100 million annually (George, 2006) . This has resulted in significant public discourse on the subject, which led to enactment of India's first legislation to check its imbalance in sex ratio-'Prenatal Diagnostic Techniques (PNDT) Act' in 1994, which was later revised in 2003 by giving more scope for policy regulation and rechristened as 'Pre-Conception and Pre-Natal Diagnostic Techniques (Prohibition of Sex Selection) (PC-PNDT) Act' (Bajpai and Dholakia, 2011) . This Act led to prohibition of the sex selection before and after conception, regulation of pre-natal diagnostic techniques for detection of genetic abnormalities by restricting its use at registered place for specified purpose and qualified person. However, numerous reports in India's leading dailies point towards a slack in implementation of provisions of the Act by the concerned departments as well as delays in judicial convictions (Sinha, 2011) . Not surprisingly though, an evaluation on the PC-PNDT Act shows no impact on the sex-ratio in India (Subramanian and Selvaraj, 2009) .
Taking cognizance of the situation, Prime Minister of India gave a call to save and educate the girl child (Beti Bachao, Beti Padao; henceforth referred to as B3P programme) on 22 January 2015 (PM Launches, 2015) . This campaign was launched in the North Indian state of Haryana which has one of the lowest SRB in India (Ministry of Health & Family Welfare, Government of India, 2014) . This call led to a concerted multi-stakeholder action in a mission mode which was spearheaded at the State level by the Chief Minister and at the district level by the District Commissioners-primarily ensuring stringent implementation of the PC-PNDT Act. This involved action by departments of health, women and child development, education, police and prosecution department (Figure 1) . Raids involving decoy patients were conducted to catch the medical professionals performing sex determination test and sex selective abortions. Since its launch in 2015, in a span of 12 months, 250 first informing reports (FIRs) have been registered, >200 doctors, unqualified medical practitioners, patients and their relatives were arrested under the various provisions of PC-PNDT and MTP Acts. The state police also collaborated with enforcement agencies from neighbouring states to nab the culprits. A total of 21 inter-state FIRs were lodged; Delhi (Chakraborty and Kim, 2010) , Punjab (Roy and Chattopadhyay, 2012) , Uttar Pradesh (Chakraborty and Kim, 2010) and Rajasthan (Natarajan, 1972) .
In addition to cases related to violations of the PC-PNDT Act, >100 FIRs under the MTP Act have also been registered in the state. Standard operating procedures for the investigation of FIR cases were also framed and circulated to all concerned departments. Training-cum-sensitization workshops were convened for around 300 police officers/public prosecutors about various legal issues involved.
Besides interventions by the District Administration including police and health department, the Department of Women and Child Development organized workshops to raise awareness on the issue of the girl child, while the Registrar General of India's Office for birth and death registration in Haryana state promoted birth registration and introduced mechanisms to monitor SRB among institutional deliveries. To generate awareness, the B3P logo was installed on all educational institutes and public transport buses, besides its use on official letters. One of the districts also introduced an official stamp of B3P. Besides this, the state government also took initiatives to create awareness among communities and local government bodies like panchayats for taking steps against female foeticide and creating a supportive environment for growth of girl child. It included 27 810 public awareness meetings, installation of 15 204 display boards, 2091 film screenings, 17 212 signature campaigns, 57 480 health campaigns along with celebration of birth of around 400 000 female babies. This led to a strong behaviour change campaign to promote the acceptance of girl child in the society, besides providing schemes for better educational opportunities for the girl students (Ministry of Health & Family Welfare, Government of India, 2014). There were few initiatives to check the drop out of girls from 8th and 10th class where the school teachers were given responsibility to track the girls who left the school after these classes and encourage the parents to continue the education of their child. Schemes like Sukanya Saamridhi Yojana (Girl Welfare Scheme) were started for financial security of girl child along with schemes for free/subsidized admission to girl child in selected private schools. Eminent personalities in the field of sports, entertainment and education lent support to the cause by providing support in media activities. Even, after more than one year since its implementation, there has been no scientific evaluation to document its impact.
Moreover, the previous evaluations of PC-PNDT Act had significant data limitations. Firstly, these evaluations used sample survey data instead of census or civil registration. While sample registration data could be good option in the state where the coverage of civil registration data is poor, however, in a setting where civil registration system (CRS) works optimally, the data generated as a part of this routine universal system could be a better alternative than sample registration system. Secondly, measuring infant sex ratio rather than SRB (Subramanian and Selvaraj, 2009 ) makes it difficult to distinguish the effect of female foeticide from infanticide or infant mortality. While the use of survey data is good to report on the association of different factors with sex ratio, it does not produce
Key Messages
• The Government of India launched the Beti Bachao Beti Padao (B3P) programme. Our study is the first evidence, which points towards the beneficial effect of a comprehensive regulatory policy to curb the sex selective abortion in India.
• The sex ratio at birth in Haryana improved as a result of the B3P program by 1.696 points per month. Our study recommends sustained implementation of programme efforts.
valid estimates on SRB. Finally, the routine data on CRS was relatively incomplete till about a decade ago. Hence, we undertook the present study to document the effectiveness of B3P programme on SRB in the state of Haryana, India. Three factors favoured our choice of undertaking the present analysis from Haryana state's perspective-firstly, the state has one of the lowest SRB at birth at the baseline, secondly, the data on CRS have been reported to be of reasonably complete since 2005 onwards, and finally, because the B3P programme was launched and implemented with relatively greater intensity in the state. 
Methodology

Context and background
Study design
The B3P programme was implemented in all the 21 districts of the state simultaneously, which left no opportunity to undertake the evaluation using either a randomized controlled design or a casecontrol study. Hence, the method of Interrupted Time Series (ITS)
analysis was employed to assess the impact of B3P intervention at state level.
Data source
Month-wise data on SRB for all districts for a period from January 2005 to September 2016 were obtained from the CRS. The B3P programme was launched in Haryana, India in January 2015. Since initial months were utilized to develop programme strategies and initial start-up. Also, the sex-selective abortions averted would take at least 6 months to manifest effects in SRB. Hence, June 2015 was considered as the actual time period for the inception of intervention instead of January 2015. Accordingly, data from January 2005 to June 2015 were treated as pre intervention period, while July 2015 to September 2016 was considered as post-intervention period to evaluate the impact. Out of the total, we observed only 1% missing data. To impute the missing data, the average of the preceding and succeeding month's value for the same district was used to fill the missing value.
Interrupted time series
As in most public health programmes, where randomized controlled trails are logistically difficult to implement, innovative ways to evaluate impact need to be evolved. Evaluation of such universally implemented social policies, which are specifically driven by shorter timeframes, can be executed with the help of before and after studies or ITS studies Lagarde, 2011) . In ITS studies, the data are collected at the different time points to detect whether or not the intervention had a significantly greater effect than any underlying secular trend Bernal et al., 2017 ; 21Interrupted time series (ITS) analyses, 2013).
The preferred method to analyse ITS studies is a statistical comparison of time trends before and after intervention. Time series analysis using auto regressive integrated moving average (ARIMA) models is one way of analysing the data, but there are a number of statistical techniques that can be used depending on the characteristics of the data, the number of data points available and whether This study utilizes segmented time-series regression analysis to evaluate the impact of the B3P programme (21Interrupted time series (ITS) analyses, 2013). This methodology works in two steps. First, the adjusted time series seasonal auto regressive integrated moving average (SARIMA) model takes care of the components like non-stationarity, seasonality and auto-correlation, imbibed in time series data. Secondly, the multiple linear regression calculates the estimates for change in level and trend separately considering the adjusted time series as an outcome variable in the regression equation (1). The estimate of change in level gives the difference between observed level and that predicted by the pre-intervention time trend. The estimate of change in trend calculates the difference between post-and pre-intervention slopes . Finally, a positive (negative) change in level and slope would indicate an increase (reduction) in outcome variable, SRB in our case.
To calculate the estimates of level and trend using segmented time series regression, the following equation is used. If coefficient for time is b 1 , for phase is b 2 and for interaction is b 3 then regression model was:
where 'time' gives the slope of the regression line pre-intervention, 'phase' gives the change in intercept and 'interaction' gives the change in slope pre-and post-intervention. As a part of this procedure, the entire data were required to be arranged in a particular fashion comprising of abovementioned four variables. The adjusted time series of SRB was included in the first variable 'outcome'. The time points (1-144) were added into the variable named 'time period'. In third variable, data were coded as 0 and 1 for pre-and post-intervention data, respectively. Finally, the fourth variable interaction took a value '0' up to June 2015 while observations from July 2015 to September 2016 will remain same as the 'time period' variable (21Interrupted time series (ITS) analyses, 2013).
The segmented time series regression was applied at the state level to see the change in the trends over the years as a result of the B3P intervention.
Also, the referenced methodology (21Interrupted time series (ITS) analyses, 2013) focuses on using the ARIMA (1, 0, 0) model, which indeed predicts the time series data considering the relation of each data point with just one previous lag (i.e. the auto regressive order (p)). However, better parsimonious SARIMA model used in this study evaluates the overall impact of B3P intervention. In comparison to ARIMA (1, 0, 0), the advantage of considering the SARIMA model lies in the fact that along with auto regressive order (p, P) and moving average order in the data, it is also capable for controlling the seasonality imbibed in the data in comparison to the simple ARIMA (1, 0, 0) model.
At the same time, robustness of the considered SARIMA model over the ARIMA (1, 0, 0) model was also validated with the help of better adjusted R square value, non-significant value of autocorrelation and better residuals graphs. To avoid the confusion and to keep the adopted methodology congenial, the details of ARIMA (1, 0, 0) in comparison to SARIMA model were added in Supplementary Material S1.
SARIMA model
The suitable SARIMA was identified before computing the estimate of change in trend using multiple regression equation (1). To find out the appropriate SARIMA model for the state level, the sequence plot of the series was drawn to see the trend. Further, the correlogram helped to identify the order of autoregressive and moving average orders at seasonal and non-seasonal lags.
The time series became stationary after applying a non-seasonal and seasonal differencing of order 1 and 2, respectively. From the autocorrelation function, one could see that three spikes were going out of the confidence limits (see Figure 2) . The two spikes at the non-seasonal lags and one spike at the seasonal lag suggest the nonseasonal and seasonal moving average order as q ¼ 2 and Q ¼ 1, respectively. Similarly, in the partial autocorrelation function graphs there were total six spikes going beyond the limits with no spike at the seasonal lag (see Figure 2) . Here, the auto regressive nonseasonal and seasonal order was chosen as p ¼ 4 and P ¼ 0, respectively. Here, the autoregressive order was chosen as four instead of six as after the first four lags in continuation, the series changes its direction in the other direction (see Figure 2) . The stationary R-square value of the suggested model after adjusting for autocorrelation, with non-significant value (0.057) of Ljung-Box Q statistics, was 0.718. Based on this analysis, a seasonal ARIMA or SARIMA (Natarajan, 1972; Sen, 2003; Jha et al., 2011) (0, 2, 1) was considered an appropriate time series model to characterise the SRB data for the state of Haryana (for details see Supplementary Material S1).
Results
Overall, the SRB in Haryana increased from 827 in 2005 to 900 in 2016. The overall trend in the SRB is plotted in Figure 3 . While there are random fluctuations in the data, the overall regression line shows that there is an average 0.20 units per month change in the SRB during study period.
The findings of SARIMA model showed that before the inception of intervention (pre slope), there was an insignificant change in SRB as -0.012 and post-slope was calculated as 1.684, which suggested an increase in 1.696 [(confidence interval: 0.23, 3.15), P ¼ 0.025] every month (Figure 4 ). This indicated that SRB for the state of Haryana increased on an average at the rate of 1.696 units per month as a result of the B3P programme.
Discussion
This study was undertaken alongside implementation of the Government of India's ambitious programme to achieve gender parity in the births, i.e. Beti Bachao Beti Padhao (B3P). The programme aimed at improving the SRB through stringent implementation of PC-PNDT and MTP Acts, besides initiating the campaign for social change at community level. Unlike the findings from previous evaluations of PNDT Act, our study suggests a significant positive change of policy regulations on SRB in the state of Haryana.
The absence of a control group is a potential methodological limitation. It would be ideal, if intervention is allocated randomly. However, large-scale public health programmes or policy interventions rarely follow such a design and are implemented universally (Li et al., 2009) . To combat with this challenge, several solutions have been suggested, such as considering district as the focus of evaluation and careful selection of control Group (Victora et al., 2011) . In such situation, a quasi-experimental study design can be employed by stratifying the districts based on the intensity of the programme implantation. Such approach has been recommended and used to evaluate the effects of complex public health interventions which are implemented in programme mode (Sen, 1992; Jha et al., 2011) . In this study, the stratification of districts could be executed based on the number of police FIRs lodged in a particular district. However, a higher number of police FIRs could be either due to the stringent implementation of the B3P programme or high baseline rates of sex-selective abortions. Moreover, there could be other differences between the groups of districts which can potentially affect the analysis. Therefore, the present evaluation is confined to evaluate the impact of the B3P programme employing the segmented time-series regression and evaluating the change in the SRB as a result of intervention at the state level.
Secondly, the result of B3P is manifestation of various activities undertaken by District Administration including police and health department, the Department of Women and Child Development along with the implementation of the PC-PNDT and MTP Acts. However, it is not possible to stratify the effects separately for each of the component of B3P programme. Although the change in the outcome is the cumulative effect of the various activities undertaken as a part of intervention, but data on these activities except indicators related to implementation of PC-PNDT and MTP Acts are not included for the analysis of this study.
The results of the intervention are early effects of the programmeafter about 1 year of its implementation. As per the standard, a minimum of 10 pre-data points and 10 post-data points are required to undertake an interrupted time series analysis (Crosbie and Gottman, 1995; Ramsay et al., 2003; Jandoc et al., 2015; Bernal et al., 2017) . To apply ARIMA model, there should be at least 50 data points to have valid estimates (Simonton, 1977) . In the present analysis, we have 126 pre-intervention and 18 post-intervention data points. Despite, the enough number of data points, the series is also adjusted for secular trend, autocorrelation and seasonality imbibed in the data. Nonetheless, we acknowledge that the analysis represents the early effects and it will be prudent to examine the long-term sustainability of the intervention.
In Asian context, South Korea has been the first country which was able to reverse the adverse SRB. Most of the work from South Korean setting suggests the role of changing societal norms and values which were brought about by dramatic increases in levels of education, industrialization, urbanization, women's education and participation in the formal labour force (Chung and Monica, 2007) . However, the policy environment was not very supportive. On the contrary, SRB declined in our study much more rapidly, which was brought about by implementation of a stringent policy which restrains sex-determination during pregnancy. Moreover, the rapid change in SRB suggests minimal role of changing social and cultural norms and values in Indian context. Other previous studies also suggest a fall in SRB with improvements in education and wealth status (Subramanian and Selvaraj, 2009) . Nonetheless, for a more sustainable change, there is a role for interventions which aim at promoting girl child, and enhancing gender equity.
Our study findings are robust for several reasons. Firstly, we used the data from civil registration in Haryana which has been reported to have >90% completeness as far as birth registration is concerned since the last decade (Singh et al., 2012; Paul et al., 2014) . This is in contrast to use of sample survey data in previous evaluations. Secondly, we cover the entire state, and use robust methods to adjust for seasonality, autocorrelation and nonstationarity. The findings of our statistical analysis show that the models used were robust. Although the present analysis reflects early effects of B3P programme, this study demonstrates the application of the statistical technique to evaluate the impact of the intervention using the routine data. The use of SARIMA model in the adopted methodology helps us to understand the underlying nature of the series along with evaluation of impact of the intervention in the long run.
The findings of our study are of significant value for India and other low-and middle-income countries such as China, Taiwan, with a problem of skewed sex ratio. Moreover, the past evidence on ineffectiveness of programmes such as PC-PNDT had raised an important concern-can policy address the problem of imbalance in sex ratio? In this light, our findings provide hope that the problem is amenable to policy action, provided the implementation follows policy prescription rigorously. The need for focus on implementation arises in view of the nature of the problem. Specifically, in the current context, both the parties engaging in transaction of sexselective abortion-i.e. the prospective parent and the health care provider stand to gain. Hence, both of them have perverse social and economic incentives, respectively, not to comply with the policy. Hence, the policy will have to devise strategies which counter against this collusion. This could employ using decoy patients, as in the present scenario, to create deterrence among the providers. Needless to say, these measures are likely to last only till the programme continues to remain vigilant against the errants. A sustained impact would also depend on a social change which results in doing away with son-preference and acceptability of the girl child. Hence, the emphasis for bringing about a behavioural and cultural change in society needs to be maintained.
This includes holistic involvement of various sectors including health sector, education, local administration, judiciary, mass media, women empowerment and other social group. The deep rooted social and economic causes in our society need to be addressed. The girl child has to be projected as an asset than a liability which will happen only by bringing behaviour change in the whole framework of our society. Although our study captured the short-term effect of the intervention, a study over longer period of time is required to understand the long-term effect of such interventions. The results of such interventions may provide important lessons to other Indian states and similar countries to correct the imbalance in sex ratio and save the missing daughters.
